Pinus massoniana microsatellites and transferability number of alleles in the population of P. massoniana that we examined ranged from two to four, and the Shannon diversity index ranged from 0.150 to 1.133. Cross-species transferability of the 318 SSRs was also analyzed in the slash pine (Pinus elliottii), the Caribbean pine (Pinus caribaea) and the Yunnan pine (Pinus yunnanensis); 15, 10, and 10 primer pairs generated polymorphic amplification, respectively. These sets of polymorphic SSR markers will be useful for population genetics studies of P. massoniana, for genetic identification of interspecific hybridization, and for phylogeographic studies of Pinus spp.
INTRODUCTION
Masson's pine (Pinus massoniana) is native to a wide area of central and southern China and northern Vietnam, and it is a common tree species in plantation forestry for replacing or compensating for the loss of the natural forest in southern China. The plantations of Masson's pine are estimated to cover 6 million hectares of land, accounting for 15% of the total Chinese marketed timber (Zhang et al., 2012) . With its high cellulose content and long fiber, Masson's pine wood has a multitude of uses, mostly for pulp and paper making, as well as for rosin production (Wilson, 1993; Chen et al., 1996; Cheng et al., 2004) . Despite the substantial economic value of Masson's pine, progress in its molecular genetics is very limited. This is mostly attributed to the lack of ideal DNA markers in Masson's pine, even in the genus Pinus.
Undoubtedly, SSRs (single sequence repeats), co-dominant molecular markers, are currently ideal markers that are widely used in population genetics, construction of genetic maps and evolutionary studies of plants (Zietkiewicz et al., 1994; Cuadrado and Schwarzacher; 1998; Gonzalo et al., 2005) . Therefore, the development of SSR markers for Masson's pine would provide useful tools to investigate population genetic structure, to construct genetic maps and to implement MAS (marker assistant selection) in this species. Furthermore, the set of SSR markers developed in Masson's pine would also have potential application value in the genetic identification of interspecific hybridization and the phylogeographic study of the genus Pinus. Here, we developed a set of SSRs derived from the genome of Masson's pine and evaluated their transferability in the genus Pinus.
MATERIAL AND METHODS

Plant material and DNA extraction
Altogether, 110 trees (genotypes) from four pine species were taken as plant material, of which 30 trees came from Pinus massoniana Lamb (Masson's pine), 30 trees from P. elliottii Engelm (slash pine), 30 trees from P. yunnanensis Franch (Yunnan pine), and 20 trees from P. caribaea Morelet (Caribbean pine).Young leaves were collected from each tree and stored in a refrigerator. All plant samples above were collected from the pine gene pool in Nanning Forestry Research Institute (Nanning, Guangxi, China, 23°10ꞌ08ꞌꞌ N, 107°59ꞌ40ꞌꞌE). Genomic DNA was extracted from young leaves using the CTAB method (Doyle and Doyle, 1987) .
DNA sequencing and SSR identification
Genomic DNA sequences of Pinus massoniana Lamb were obtained through the Solexa sequencing technology (Cronn et al., 2008; Mardis, 2008) . The SSRs were searched from the genome sequences using the SSRIT software (Temnykh et al., 2001 ). The screening criteria were set for the detection of di-, tri-, tetra-, penta-, and hexanucleotide motifs with a minimum of six, four, three, three, and three repeats, respectively. A total of 736 SSRs were found. SSRs that had low GC content or palindromic sequences in their flanking region were excluded from primer design. The major parameters for primer design were set as follows: primer length from 18 to 22 nucleotides with 20 as the optimum, PCR product size from 200 to 500 bp, optimal annealing temperature of 55°C, and GC content from 40 to 65% with 50% as the optimum. Finally, 311 locus-specific SSR primers were designed using the PRIMER 3 software (Steve and Helen, 2000) .
PCR amplification, cross-species transferability and polymorphism analysis
To assess polymorphism, polymerase chain reaction (PCR) was performed in a 10 μL reaction solution containing 10-20 ng genomic DNA, 10 mM Tris-HCl, pH 8.0, 50 mM KCI, 2.5 mM MgCl 2 , 0.2 mM dNTPs, 0.25 μM each primer, and 0.8 U Taq polymerase (Generay, Shanghai, China). The amplification protocol consisted of an initial denaturation at 94°C for 4 min, followed by 30 cycles of 15 s at 94°C, 15 s at the appropriate annealing temperature and 30 s at 72°C, ending with a final extension at 72°C for 15 min. Amplified products were separated on 8% denaturing polyacrylamide gels and visualized by silver staining. A 50-bp DNA ladder was used to identify alleles. The number of alleles (N A ) and Shannon's information index (I) were performed using Popgene1.32 (Yeh et al.,1999) .
RESULTS AND DISCUSSION
Of the 318 SSR markers tested, 305 generated expected amplification products, and 10 of them were polymorphic. The genetic variability of the 10 polymorphic markers was estimated by genotyping thirty individuals of Masson's pine. Population genetic parameters were calculated through the PopGene32 software (Yeh et al., 1999) . The number of alleles per locus ranged from two to four, with an average value of 2.4. The Shannon diversity index (I) (Lewontin, 1972) was from 0.150 to 1.133, with an average of 0.503 (Table 1) .
To test cross-species transferablity, the same set of 318 SSR markers were amplified in thirty individuals of slash pine, twenty individuals of Caribbean pine, and thirty individuals of Yunnan pine. Thirty-four polymorphic SSR markers were characterized: 15 markers in slash pine, 10 markers in Caribbean pine, and 10 markers in Yunnan pine. The number of alleles per locus ranged from two to four, and the Shannon diversity index (I) per locus was from 0.087 to 1.144 ( N A = number of alleles; I = shannon's information index.
This set of polymorphic SSR markers may serve as powerful tools not only for the identification of genetic structure and gene flow, the construction of genetic maps, and MAS in Masson's pine, but also for the identification of interspecific hybrids and phylogeographic studies in the genus Pinus.
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